THE BIRTH OF MUCUS is one of the most dramatic events in physiology. Fetal mucin develops inside its intracellular membrane-bound womb by polymerization of subunits of protein cores densely decorated with negatively charged oligosaccharides into polymers of as much as 10 8 Daltons. During gestation, the embryo mucin remains in a tightly folded fetal position, but at the moment of birth when the amnionic sac ruptures and the fetus enters the external world through the exocytotic pore, growth occurs at an astounding rate. The tiny neonate may increase its size by 500 -1,000-fold in a few seconds or less.
In a recent article, Kesimer et al. (5a) present a new insight into this mysterious macromolecular birth. They provide evidence from high-resolution electron microscopy of isolated mucin polymers that it is likely these molecules fully unravel and expand only after disrupting tight associations of the naked terminal protein domains of subunits within polymerized mucins, which they term "nodes." That is, before birth, nodes are presumably assembled and condensed in granules by gathering the ends of the subunits into a fixed point as one might do while coiling a cord by gathering one loop and then another in one hand. The point of contact of the loops in the node appears to involve the regions of the polymer where monomer mucins are joined head-to-head and tail-to-tail during polymerization. Thus, the polymer mucin appears to be ordered and packed into loops bound at nodes, which upon encountering the external environment disaggregate, allowing the coils to unravel in an orderly fashion into enormously long molecules that then reptate into a network of tangled strings to form the mucus gel essential to protecting epithelial surfaces. The unraveling process may bear some similarity to the release of von Willebrand factor (VWF) proteins from Palade bodies in endothelial cells (5) . Similar unexplained node-like structures have been reported before (13) .
For the first time since Verdugo et al. (16) introduced a Ca 2ϩ /H ϩ -dependent paradigm for mucus granule condensation and secretion over 20 years ago, Kesimer and colleagues (5a) now offer an advance in understanding of not only how mucins are unpacked but also of how they may be ordered and packed as highly condensed macromolecules in intracellular granules (17) . In the Verdugo paradigm, the amnionic fluid of the mucin granule is replete with high concentrations of Ca 2ϩ (probably Ͼ200 mM) at low pH (ϳ6) (12, 16) . These cations serve to shield the high density of anionic sites fixed to the oligosaccharides that surround the protein cores of the mucin monomers like the bristles of a bottle brush. By shielding the otherwise repulsive negative electrostatic forces of the sugar side chains, the mucin molecules can be densely packed, but this effect should be random and does not necessarily explain the organized crystalline array observed in intracellular mucin.
The present discovery of nodes of associated domains of poorly glycosylated (naked) protein terminals adds a new level to the mechanisms of mucin packing, which may provide the basis for the structural ordering thought to be present in the unborn fetus (15, 17) . This new component apparently does not involve the oligosaccharide anionic charges of the protein core since only nodes label with antibody to the naked domains near the COOH-and NH 2 -terminals of the subunits.
This finding immediately raises new issues of how or what binds the protein domains that form the nodes. It is generally accepted that the shock at the moment of birth that the mucin experiences in going from an intragranular environment of Ͼ200 mM Ca 2ϩ and low pH (ϳ6) to the relatively low concentrations of Ca 2ϩ and H ϩ in the extracellular environment, triggers the transition to rapid expansion. That is, the loss of the cations in the external medium unshields the fixed anions and exposes their repulsive electrostatic forces that massively expand the polymer, but the new data herein indicate that the protein domains aggregated in nodes must also disassociate. If so, are Ca 2ϩ and H ϩ also still critical to binding at the nodes, even though the domains of oligosaccharide side chains appear to have already unpacked or unfurled? Is it the change in pH, as is thought to be the case with VWF (5), the change in Ca 2ϩ , both, or another factor that disrupts the nodes? The fact that a small, but significant, fraction of the polymer mucin molecules remain stably associated for at least several minutes after fresh secretion may suggest another factor that is lost by dilution and/or disassociation during unraveling after secretion, but that is needed to cleave intramolecular, possibly covalent links before maximal expansion can occur (1) .
On the other hand, the abnormally viscous pathogenic mucus in cystic fibrosis (CF) may give pause for thought and possible direction. Controversy remains over whether the generalized mucus defect, described at times as "mucoviscidosis," originates intracellularly from aberrant synthetic processes (6, 8, 14) or from extracellular events that occur during, and associated with, mucin being born into an aberrant, hostile environment (2, 3, 4) . CFTR, the defective anion channel in CF, may exist in the granule membrane (6) [but may not (7)], in which case the amnionic fluid of the mucins may be altered (⌬ pH) so that glycosyl-and sulfo-transferase expression or activity might be abnormal (10) with direct consequences on mucin synthesis and qualities. These biosynthetic events, however, would likely have to be common to many organs and different mucins to account for the generalized mucoviscidosis seen in CF.
It is perhaps simpler to accommodate the generalized defect in mucins in the various afflicted tissues with a known defect in electrolyte transport in CF. In that regard, the general defect in HCO 3 Ϫ transport in CF has come under suspicion recently as the basis for pathogenic mucus in CF (4, 11) . The Verdugo paradigm envisions that the unraveling/disaggregation of mucins is due to Na ϩ /K ϩ exchanging for Ca 2ϩ in the external media (9, 16) and that this exchange not only decreases divalent bridging but also induces a Donnan effect that increases the infant gel's osmotic content and enhances swelling by "hydration." In CF, however, although there is a paucity of secreted HCO 3 Ϫ due to CFTR failure, there is no paucity of Na ϩ or K ϩ , so we are drawn to a role for HCO 3 Ϫ not only in the process of disaggregation of the oligosaccharide-populated protein loops as proposed (4), but also in disaggregating the poorly glycosylated domains of the mucin terminals aggregated in the nodes.
Is it possible that HCO 3 Ϫ opens up the mucin granule by sequestering Ca 2ϩ and buffering H ϩ so that other factors (enzymes) are able to access and cleave stabilizing intermolecular bonds in the nodes and allow a final step in unraveling (releasing the coils of the cord from the hand)? Or might HCO 3 Ϫ and its associate CO 3 ϭ simply be required to compete tightly bound Ca 2ϩ away from binding sites in the protein domain held in the nodes reported herein? Could this final step perhaps be the common point of failure in the abnormally viscous mucus that is the pathogenomic property of CF? If so, will understanding these mechanisms help develop effective therapeutic strategies to ameliorate the disease?
Whatever the answers to these questions, the new insights from the work reported here should speed the dispatch and raise the enthusiasm for exploring and understanding the birth of mucins and their profound effects on health and disease.
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